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© Light emitting diode for photosensor and photosensor using such light emitting diode. 



© An improved light emitting diode for a photosen- 
sor which enables correction of a change in the 
amount of light from a light emitting element (LED 2 ) 
in accordance with a change in ambient temperature 
is disclosed. The light emitting diode for a photosen- 
sor includes a substrate (12) and a light emitting 
element (LED 2 ) provided on the substrate (12). A 
light receiving element (PD) which receives the light 
emitted from the light emitting element (LED2) there- 
by to detect a change in the amount of the light from 
the light emitting element (LED 2 ) in accordance with 
a change in ambient temperature is disposed on the 
substrate (12) and near the light emitting element 
(LED2). A first transparent layer (21) is provided on 
the substrate (12) to cover the light emitting element 
(LED 2 ) and the light receiving element (PD). A sec- 
ond transparent layer (22) is provided on the first 
transparent layer (21). A very thin air layer is inter- 
posed between the first and second transparent lay- 
er (21, 22). 



FIG. 6 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to light 5 
emitting diodes for photosensors and, more par- 
ticularly, to an improved light emitting diode for a 
photosensor which enables correction of changes 
in the amount of light from a light emitting element 
in accordance with changes in ambient tempera- io 
ture. The invention further relates to a photosensor 
using such a light emitting diode. 

Description of the Background Art 

15 

Conventionally, an apparatus has been known 
which transmits light from one side to the other 
side of a finger tip and detects changes in the 
transmittance (reflectance) of the transmitted light, 
thereby to examine the amount of blood flowing in 20 
the finger, process a resultant detection signal and 
then evaluate pulsation, blood pressure and the like 
by calculation. One example of a photosensor for 
use in such an apparatus is disclosed in Japanese 
Utility Model Laying-Open No. 60-158803. 25 

Fig. 1 is a perspective view of a conventional 
photosensor, and Fig. 2 is a cross-sectional view of 
the photosensor of Fig. 1 attached to a finger. 

Description will now be made on a conven- 
tional photosensor 8 by reference to Fig. 1. 30 
Photosensor 8 serves to transmit light from one 
side to the other side of the finger, so as to detect 
changes in the transmittance of the light. A light 
emitting element 2 and a light receiving element 3 
are disposed with a predetermined spacing there- 35 
between corresponding to the size of the finger, on 
an easily bendable film substrate 1. A transparent 
and easily bendable transparent film 6 is placed or 
attached to film substrate 1 to cover light emitting 
element 2 and light receiving element 3. 40 

Description will now be given on a method of 
using photosensor 8 by reference to Fig. 2. 
Photosensor 8 is wound around a finger 7 to inter- 
pose the tip of finger 7 between light emitting 
element 2 and light receiving element 3. A fixing 45 
tape 30 (e.g., a so-called magic tape) is attached 
around photosensor 8 wound around finger 7. 
Photosensor 8 is securely fixed on finger 7 by 
winding fixing tape 30 around photosensor 8 and 
overlapping the surface of one end of fixing tape 50 
30 and the reverse surface of the other end there- 
of. When power is supplied from a main body of a 
signal processing unit (not shown) via a connecter 
5 to a lead 4, light emitting element 2 emits light. 
The emitted light is transmitted through finger 7 55 
and directed onto light receiving element 3. Light 
receiving element 3 receives the light and transmits 
a resultant signal via lead 4 and connector 5 to the 
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main body of the signal processing unit. The signal 
processing unit detects a change in the transmit- 
tance of the light provided at this time, processes a 
detection signal thereof and then evaluates pulsa- 
tion and a blood pressure value by calculation. 

In general, a light emitting diode is used for 
light emitting element 2 employed in the above- 
described photosensor 8. The light emitting diode 
has, however, an undesirable property that its out- 
put power and a wavelength of light emitted from 
the diode vary depending on ambient tempera- 
tures. If photosensor 8 is attached to a living body, 
e.g., finger 7, then finger 7 becomes ischemic or 
hemostatic, resulting in a decrease in the body 
temperature of finger 7, or an increase in the body 
temperature thereof due to an increase in blood 
pressure. Thus, the ambient temperature of light 
emitting element 2 varies, and its output power and 
its measured wavelength of light also vary. How- 
ever, it is desirable that the output power of light 
emitting element 2 and the wavelength of the light 
emitted from light emitting element 2 are kept 
constant in order to accurately measure a pulse 
value or a blood pressure value. 

The inventors have proposed a light emitting 
diode shown in Figs. 3A and 3B as the one satisfy- 
ing the above requirements (Japanese Patent Ap- 
plication No. 1-116757). Fig. 3A is a plan view of 
the proposed light emitting diode, and Fig. 3B is a 
side view of the diode of Fig. 3A. With reference to 
Figs. 3A and 3B, a light emitting diode 10 includes 
two LED chips LED1 and LED2 disposed on a 
substrate 12. A photodiode PD is provided in the 
vicinity of LED chips LEDi and LED 2 . Photodiode 
PD directly receives light emitted from LED chips 
LED, and LED 2 . 

Photodiode PD serves to detect a change in 
the amount of the light emitted from LED chips 
LED1 and LED 2 in accordance with a change in 
ambient temperatures. A transparent epoxy resin 
13 is applied onto substrate 12 to cover LED chips 
LED1 and LED 2 and photodiode PD. 

An operation will now be described. 
Photodiode PD (which is a light receiving element 
provided separately from the light receiving ele- 
ment of Fig. 1) is disposed near LED chips LED1 
and LED 2 . Photodiode PD detects a change in the 
amount of the light from the light emitting diode in 
accordance with a change in ambient temperature. 
A current flowing through LED chips LED1 and 
LED 2 is controlled so as to correct the change in 
the amount of the light. This makes it possible to 
keep output power of and a wavelength of the light 
emitted from LED chips LEDi and LED 2 constant 
and thus to obtain accurate information as to a 
living body. 

The light emitting diode thus structured has, 
however, the following disadvantages. 
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With reference to Fig. 4, since light emitting 
diode 10 is used in contact with a living body 20, 
there are three types of light beams: a light beam 
designated by the dotted line © which is emitted 
from LED chip LED 2 and is directly incident on 
photodiode PD; a light beam designated by the 
dotted line © which undergoes a total reflection 
from an inner surface of epoxy resin 13 and enters 
into photodiode PD; and a light beam designated 
by the dotted line @ which once enters into living 
body 20 and is then scattered or reflected by living 
body 20, entering into photodiode PD. The amount 
of the scattered light or the reflected light denoted 
by the dotted line ® is not constant. Accordingly, 
there occurs an error in a feedback apparatus for 
monitoring the amount of the light emitted from 
LED chips LEDt and LED2 to maintain a constant 
amount of the light. Thus, a precise feedback be- 
comes impossible. Consequently, there is such a 
disadvantage that the amount of the light from the 
LED chips, i.e., light receiving elements cannot 
precisely be kept constant. 

SUMMARY OF THE INVENTION 

One object of the present invention is therefore 
to provide an improved light emitting diode for a 
photosensor which is immune to influence caused 
by a drift of temperatures. 

Another object of the present invention is to 
provide an improved light emitting diode for a 
photosensor which enables the amount of light 
from a light emitting element to be precisely kept 
constant. 

A further object of the present invention is to 
provide an improved light emitting diode for a 
photosensor which enables an accurate monitor of 
the amount of light from a light emitting element. 

A still further object of the present invention is 
to provide an easily manufacturable light emitting 
diode for a photosensor. 

A still further object of the present invention is 
to provide a photosensor including an improved 
light emitting diode immune to influence caused by 
a drift of temperatures. 

To accomplish the above objects, a light emit- 
ting diode for a photosensor in accordance with the 
present invention includes a substrate and a light 
emitting element provided on the substrate. A light 
receiving element for receiving light emitted from 
the light emitting element to detect a change in the 
amount of the light from the light emitting element 
in accordance with a change in ambient tempera- 
ture is disposed on the substrate and in the vicinity 
of the light emitting element. A first transparent 
layer is formed on the substrate to cover the light 
emitting element and the light receiving element. A 
second transparent layer is formed on the first 



transparent layer. 

Preferably, at least one of the first and second 
transparent layers is formed of a material which 
intercepts light other than the wavelength of a 

5 spectrum emitted from the light emitting element. 

More preferably, an interface between the first 
and second transparent layers is hemispherical. 

A light emitting diode for a photosensor ac- 
cording to another aspect of the present invention 

10 includes a substrate and a light emitting element 
provided on the substrate. A light receiving element 
which receives light emitted from the light emitting 
element to detect a change in the amount of the 
light from the light emitting element in accordance 

15 with a change in ambient temperatures is disposed 
on the substrate and near the light emitting ele- 
ment. A first transparent layer is formed on the 
substrate to cover the light emitting element and 
the light receiving element. A second transparent 

20 layer is formed on the first transparent layer. A 
refractive index ni of the first transparent layer and 
a refractive index n 2 of the second transparent layer 
satisfy the following inequality: ni £ n 2 . 

A photosensor according to still another aspect 

25 of the present invention includes a light emitting 
diode for a photosensor having the foregoing char- 
acteristics. 

In accordance with a light emitting diode for a 
photosensor according to the present invention, a 

30 second transparent layer is formed on a first trans- 
parent layer. Thus, a very thin air layer is formed at 
an interface between the first and second transpar- 
ent layers in formation of the second transparent 
layer on the first transparent layer. A refractive 

35 index of air is smaller than those of the first and 
second transparent layers. Thus, the number of 
optical paths of the light, which is emitted from the 
light emitting element, then subjected to a total 
reflection by an inner surface of the first transpar- 

40 ent layer and is incident on the light receiving 
element, increases. This makes it possible to rela- 
tively neglect the amount of the light which enters 
in a living body and then reflects therefrom. Con- 
sequently, the amount of the light emitted from the 

45 light emitting element, which is directly received by 
the light receiving element, increases. 

In accordance with a light emitting diode for a 
photosensor according to still another aspect of the 
present invention, refractive index ni of the first 

so transparent layer is larger than that n 2 of the sec- 
ond transparent layer. Thus, the number of optical 
paths of the light which is emitted from the light 
emitting element, then undergoes a total reflection 
at the interface between the first and second trans- 

55 parent layers and enters into the light receiving 
element increases. This makes it possible to rela- 
tively neglect the amount of the light which enters 
into and then reflects from the living body. Con- 
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sequently, the amount of the light emitted from the 
light emitting element, which is directly received by 
the light receiving element, increases. 

In accordance with a photosensor according to 
still another aspect of the present invention, since 
the photosensor includes a light emitting diode 
having the foregoing characteristics, a precise 
measurement immune to influence caused by a 
drift of temperatures can be made in the photosen- 
sor. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a conventional 
photosensor. 

Fig. 2 is a cross-sectional view of the 
photosensor of Fig. 1 attached to a finger. 

Fig. 3A is a plan view showing one example of 
a conventional light emitting diode; and Fig. 3B is a 
side view of the light emitting diode of Fig. 3A. 

Fig. 4 is a diagram for use in explaining dis- 
advantages of the conventional light emitting diode. 

Fig. 5 is a side view of a light emitting diode 
for a photosensor according to one embodiment of 
the present invention. 

Fig. 6 is a side view for use in explaining an 
operation of the light emitting diode for a photosen- 
sor according to the one embodiment. 

Fig. 7 is a diagram showing a transparence 
property of an epoxy resin of the type which limits 
a wavelength band, used in the present invention. 

Fig. 8 is a side view of a light emitting diode 
for a photosensor according to another embodi- 
ment of the present invention. 

Fig. 9 is a side view for use in explaining an 
operation of the light emitting diode shown in Fig. 
8. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Description will now be made on one embodi- 
ment of the present invention with reference to the 
drawings. 

Fig. 5 is a side view of a light emitting diode 
for a photosensor according to the one embodi- 
ment of the present invention. The light emitting 
diode for a photosensor includes a substrate 12. 
LED chips LEDi (not shown) and LED 2 serving as 
light emitting elements are disposed on substrate 
12. A photodiode PD serving as a light receiving 
element which receives light emitted from LED 
chips LEDi and LED 2 , thereby to detect a change 



in the amount of the light from these LED chips in 
accordance with a change in ambient temperatures 
is provided on substrate 12 and in the vicinity of 
the LED chips. A hemispherical transparent mold- 

5 ing material such as of a glass epoxy or the like, 
which is a first transparent layer 21, is formed on 
substrate 12 to cover LED chips LED) and LED 2 
and photodiode PD. A hemispherical transparent 
molding material such as of a glass epoxy or the 

to like, which is a second transparent layer 22, is 
formed on first transparent layer 21 . At least one of 
the first and second transparent layers 21 and 22 is 
preferably formed of a material which intercepts 
light other than a wavelength of a spectrum emitted 

75 from LED chips LEDi and LED2. In the embodi- 
ment, first transparent layer 21 employs an epoxy 
resin of the type which has a transparence property 
shown in Fig. 7 and limits a wavelength band. 
Referring to Fig. 7, the curve (1) represents the 

20 transparence property of the epoxy resin for limit- 
ing the wavelength band; Ki designates a 
wavelength of a spectrum emitted from LED ( ; and 
X 2 designates a wavelength of a spectrum emitted 
from LED 2 . The above-described epoxy resin for 

25 use is appropriately selected from resins, for exam- 
ple, Toray Hysol THL-5000A/B, HL3000 (S), EX- 
012/HX-021-3 and the like manufactured by Toray 
Hysol Co., Ltd. 

A very thin air layer, not shown in Fig. 5, is 

30 formed at an interface between first and second 
transparent layers 21 and 22 in formation of sec- 
ond transparent layer 22 on first transparent layer 

21. A refractive index of this air layer is smaller 
than those of both first and second transparent 

35 layers 21 and 22. 

An operation will now be described. 
With reference to Fig. 6, the light emitting 
diode for a photosensor is made contact with a 
living body 20. Since an air layer with a small 
40 refractive index is formed at an interface 200 be- 
tween first and second transparent layers 21 and 

22, a portion of light emitted from LED chips LEDi 
and LED 2 undergoes a total reflection at interface 
200 and then reaches photodiode PD, as shown by 

45 the dotted line © . In the embodiment, since the 
amount of the light subjected to the total reflection 
increases, the amount of the light emitted from 
LED chips LEDi and LED 2 , which is directly re- 
ceived by photodiode PD, increases. 

50 Light which is scattered or reflected by living 

body 20 as shown by the dotted line ©, of the 
light emitted from LED chips LEDi and LED 2 and 
then entering into living body 20, is reflected at 
interface 200 between first and second transparent 

55 layers 21 and 22 and hence does not reach 
photodiode PD. In addition, since first transparent 
layer 21 employs the epoxy resin, which has the 
transparence property shown in Fig. 7 and limits a 
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wavelength band, other light designated by the 
solid line © than the wavelength of the light 
emitted from LED chips LEDt and LED 2 cannot be 
incident on first transparent layer 21 and are thus 
intercepted at interface 200. 

Since the light emitting diode for a photosensor 
according to the embodiment is thus structured, 
the amount of the light which is emitted from the 
LED chips and is directly incident on the 
photodiode increases, thereby enabling a neglect 
of the amount of the light which is reflected from 
the living body and enters into the photodiode. This 
enables a precise feedback and consequently a 
precise measurement immune to influence caused 
by a drift of temperatures. 

While such a case is illustrated that an epoxy 
resin is used for first and second transparent layers 
21 and 22 in the foregoing embodiment, the 
present invention is not limited to this, and any 
transparent body, for example, glass or elastomer 
may also be employed. 

While no specific explanation has been given 
on the thickness of the air layer, the air layer may 
have a thickness which is naturally grown in mold- 
ing of the second transparent layer on the first 
transparent layer. In further detail, the thickness of 
the air layer may merely be larger than the 
wavelength of the light emitted from the LED chips. 

Moreover, while such an example that first and 
second transparent layers 21 and 22 are hemi- 
spherical is given in the foregoing embodiment, the 
present invention is not limited to this. The forma- 
tion of transparent layers 21 and 22 in a hemi- 
spherical shape provides the advantage of facilitat- 
ing the manufacture of such transparent layers. 

Fig. 8 is a side view of a light emitting diode 
for a photosensor according to another embodi- 
ment of the present invention. The light emitting 
diode for a photosensor includes a substrate 12. 
LED chips LEDi (not shown) and LED 2 serving as 
light emitting elements are provided on substrate 
12. A photodiode PD which receives light emitted 
from LED chips LEDi and LED 2 to thereby detect 
a change in the amount of the light from the LED 
chips in accordance with a change in ambient 
temperature is provided on substrate 12 and near 
the LED chips. A hemispherical transparent mold- 
ing material such as of a glass epoxy or the like, 
which is a first transparent layer 21, is formed on 
substrate 12 to cover LED chips LEDi and LED 2 
and photodiode PD. A hemispherical transparent 
molding material such as of a glass epoxy or the 
like, which is a second transparent layer 22, is 
formed on first transparent layer 21. A refractive 
index ni of the first transparent layer is larger than 
a refractive index n 2 of the second transparent 
layer. The above-described clear epoxy resin for 
use is appropriately selected from resins, for exam- 



ple, Toray Hysol THL-5000A/B, HL3000 (S) and 
EX-012/HX-021-3 manufactured by Toray Hysol 
Co., Ltd. Adjustment of the refractive indexes is 
made by changing compositions of those resins or 

5 by changing mixing ratios of the resins. For a 
manufacture method, a method for hardening first 
transparent layer 21 being a clear epoxy and then 
hardening second transparent layer 22 being also a 
clear epoxy is adopted. 

w A very thin air layer not shown in Fig. 8 is 

formed at an interface 200 between first and sec- 
ond transparent layers 21 and 22 in the step of 
forming second transparent layer 22 on first trans- 
parent layer 21 . 

75 An operation will now be described. 

Referring to Fig. 9, the light emitting diode for 
a photosensor is made contact with a living body 
20. Since refractive index ni of first transparent 
layer 21 is larger than that n 2 of second transpar- 

20 ent layer 22, a portion of the light emitted from 
LED chips LED, and LED 2 undergoes a total re- 
flection at interface 200 and reaches photodiode 
PD, as shown by the dotted line © . In the 
embodiment, since the amount of the light sub- 

25 jected to the total reflection increases, the amount 
of the light emitted from the LED chips, which is 
directly received by photodiode PD, increases. 

The light scattered or reflected by living body 
20 shown by the dotted line ©, of the light which 

30 is emitted from LED chips LEDi and LED 2 and is 
then incident on living body 20, undergoes a total 
reflection at interface 200 between first and second 
transparent layers 21 and 22 and thus does not 
reach photodiode PD. 

35 As has been mentioned above, since the light 

emitting diode for a photosensor according to the 
present invention is thus structured, the amount of 
the light emitted from the light emitting element, 
which is directly received by the photodiode, in- 

40 creases, thereby enabling a neglect of the amount 
of the light reflected from the living body. This 
makes it possible to retain a constant amount of 
light and make a precise feedback, thereby en- 
abling a precise measurement under no influence 

45 caused by a drift of temperatures. 

In addition, a photosensor including the above- 
described light emitting diode enables a precise 
measurement immune to influence caused by a 
drift of temperatures. 

so Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 

55 tion being limited only by the terms of the appen- 
ded claims. 

Claims 
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1. A light emitting diode for a photosensor, com- 
prising: 

a substrate (12); 

a light emitting element (LED 2 ) provided 5 
on said substrate (12); 

a light receiving element (PD) disposed on 
said substrate (12) and in the vicinity of said 
light emitting element (LED 2 ), for receiving 
light emitted from said light emitting element w 
(LED 2 ), to detect a change in the amount of 
the light from said light emitting element 
(LED2) in accordance with a change in ambient 
temperature; 

a first transparent layer (21) provided on ;s 
said substrate (12) to cover said light emitting 
element (LED 2 ) and said light receiving ele- 
ment (PD); and 

a second transparent layer (22) provided 
on said first transparent layer (21). 20 

2. The light emitting diode according to claim 1, 
wherein 

an air layer is interposed between said first 
transparent layer (21) and said second trans- 25 
parent layer (22). 

3. The light emitting diode according to claim 2, 
wherein 

said air layer has a thickness larger than a 30 
wavelength of the light emitted from said light 
emitting element (LED 2 ). 

4. The light emitting diode according to claim 1, 
wherein 35 

an interface between said first and second 
transparent layers (21 , 22) is hemispherical. 



said transparent body for limiting the 
wavelength band region includes an epoxy res- 



9. A light emitting diode for a photosensor, com- 
prising: 

a substrate (12); 

a light emitting element (LED 2 ) provided 
on said substrate (12); 

a light receiving element (PD) disposed on 
said substrate (12) and in the vicinity of said 
light emitting element (LED 2 ) for receiving light 
emitted from said light emitting element 
(LED 2 ), to detect a change in the amount of 
the light from said light emitting element 
(LED 2 ) in accordance with a change in ambient 
temperature; 

a first transparent layer (21) provided on 
said substrate (12) to cover said light emitting 
element (LED 2 ) and said light receiving ele- 
ment (PD); and 

a second transparent layer (22) provided 
on said first transparent layer (21 ), wherein 

a refractive index ni of said first transpar- 
ent layer (21) and a refractive index n 2 of said 
second transparent layer (22) satisfy an in- 
equality, ni £ n 2 . 

10. A photosensor including the light emitting di- 
ode for a photosensor recited in claim 1. 

11. A photosensor including the light emitting di- 
ode for a photosensor recited in claim 9. 



5. The light emitting diode according to claim 4, 
wherein 

a surface of said second transparent layer 
(22) is hemispherical. 



6. The light emitting diode according to claim 1, 
wherein 45 

said first transparent layer (21) is formed 
of a material for intercepting light other than a 
wavelength of a spectrum of the light emitted 
from said light emitting element (LED 2 ). 

50 

7. The light emitting diode according to claim 1, 
wherein 

said first transparent layer (21) is formed 
of a transparent body of the type which limits a 
wavelength band region. 55 



8. The light emitting diode according to claim 7, 
wherein 
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FIG.1 




FIG. 2 
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FIG.3B 
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FIG. 4 




FIG.3A 
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FIG. 5 
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FIG. 7 




FIG. 8 
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FIG.9 
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